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PRODUCTION AND PROCESSING 

OP mLPMsccQ s uperconductor;; 



5 Backyround of the Inirantioii 

The present mvention relates to the production and processing of 
high Te supercoiiducting bismuthrstrontium-calcium-copper-Qxide materials. 

Since the discovery of the copper oxide ceramic iupertonductors^ 
their physical tad chemical properties have been widely studied and 
10 described in many publications, too numerous to be listed individually. 
These materials have superconduaing transition temperatures (TJ greater 
than the boiling temperature (77K) of liquid nitrogen^ However, in order 
to be useful for the majority of applications at 77K or higher, subitjntially 
single phase superconducting materials with high critical current densities 
15 Qc) are needed. In general, this requires that the grains of the 

superconductor be crystallographically aligned, or textured, and f^ell 
sintered togetlwr. Several members of the bismuth-sirontium-calcium- 
coppei>oadde family CBSCCO), in particular, BijSraCaCuiOj (BSGCO 2212) 
and Bi^^rjCajiCujOio (BSCCO 2223) have yielded promising results, 
20 particular!^ i^hea the bismuth is partially substituted by dopants, such as 
lead (CBi,Pb)SCCO). 

Composites of superconducting materials and metals are often used 
to obtain better mechanical properties than superconducting materials 
alone provide. These composites may be prepared in elongated forms such 
25 as -wires and tapes by a vell<known process which includes the three stages 
of: forming a powder of superconductor precursor material (precursor 
powder formation Stage); filling a noble metal container, such as a tube, 
billet or grooved sheet, with the precursor powder and deformation 
processing one or more filled container? to provide a composite of reduced 
30 cross«section including one or more cones of superconductor precursor 
material in a surrounding noble metal matrix (composite precursor 
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fabrication stage); and subjecting the composite to successive physical 
deformation and annealing cydes and ftirthcr thermaUy processmg the 
composite to form and sinter a corQ material having the desired 
superconducting propenies (thermomechanical processing). The alignment 
5 of precursor grains in the core ftextured' graiiu) caused by the 

deformation process fiidUtates the growth of well-aligned and sintered 
grains of the desired superconducting material during later thermal 
processing stages. 

The general p^-ocess. commonly known as "powder-in-tube- or 
' "PIT", is practiced in several v^tfiants depending on the starting powders, 
which may be. for example, metal alloys having same metal content is the 
desired superconducting core maierial in the "metallic precursor" or 
"MPIT- process, or mixtures of powders of the oxide components of the 
desired superconducting oxide core material or of a powder having the 
nominal compositioa of the desired superconducting oxide core matedal in 
the "odde powder" or "OPrT" process. General information about the 
PIT method described above and processing of tbe oxide superconductors 
is provided by Sandhage et al., in JOM, Vol. 43, No. 3 (1991) pages 21 
through 25, and the references cited therein. 

OPIT precursor powders are prepared by reacting raw powders such 
as the corresponding oxides, oxalates, carbonates, or nitrates of the metallic 
elements of the desired superconducting oxide. Because the OPIT 
precursor powder is formed by chemical iBaction, its actual phase 
composition wiU depend |oii the quality and chemical composition of the 
starting materials and on the processing conditions, such as temperature, 
time, and rtmosphere. Different processing conditions will give rise to 
di£ferent phases or different ratios of phases. If secondaiy phases, such as 
calcium plumbate (Ca^PbOJ, are fonned in relatively large amounts, they 
can give rise to undesired effects. The presence of calcium plumbate, for 
example, disrupts the deformation induced texturing of the primary phase 
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of the precursor powder, results in gas evoJution during thermal 
processinB, leads to growth of certain undesirafaJe alkaline earth cuprate 
(AEC) phases which do not participate in the conversion of the precursor 
into the final oxide superconductor, and inay induce undesired melting 
5 during heat treatments. 

In order to avoid undesirable secondary phase formation, precursor 
powders sometimes Are prepared by forming a BSCCO superconductor 
phwe in a separate synthesis step and combining the BSCCO 
superconductor phase -with a second metal oxide. The two powders may be 
10 readily reacted in a subsequent thermal processing step into the final oatide 
superconductor. By preparing the BSCCO superconductor in a separate 
reaction, it may be possible to avoid inclusion of undesirable secondary 
phases in the precursor powder. 

A typical prior art preparation involves preparing essentially smgle 
15 phase (BiJ>b)SCCO 2212 in a separate reaction and combining it with an 
alkaline earth cuptate. In subsequent thermal reactions, the two metal 
oxides reaCT to form (Bi,Pb)SCCO 2223. The prior art naction priicess is 
less than optimal because combining separate oxide powders necessarily 
reduces the intimate contact between the reactants (resulting in 
20 inhomogeneity), thereby requiring longer reaction times and/ or harsher 
reaction conditions in order to obtain the final produa. The slower 
reaction kinetics results in reduced control over the reaction process. 

Ii is desirable, therefore, to have a method for preparing piectirsor 
powders having a controlled phase composition in a single step reaaion 
25 process. It is further desirable to provide a method of controlling the 
phase composition of the precursor powder during its preparation and 
during subsequent thermomechaaical processing. 

30 
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Sammarv of the Invftntmr^ 
The present invention provides a means ai preparing a precursor 
powder for the BSCCO superconducting materials, particularly Pb-doped 
BSCCO materials, with selected primary and secondarjr phases and of 
controlling the phase compositian of the precursor poT«rder daring its 
preparation and during subsequent therraomechanical processing steps. In 
general, m one aspect, the invention provides an improved precurtor 
powder for the production of BSCCO superconducting material, and a 
process for making this precursor powder, while in anocher aspect k 
provides an improvement in processing of the precursor powder during the 
thermomechanical processing of the powder into the desired 
superconducting material. 

In one aspect of the invention, a method for the production and 
processing of BSCCO superconducting material includes the steps of 
providing a mixture comprising raw materials of a desired ratio of 
constituent metallic elements correspondmg to a final superconducting 
BSCCO material, and heating said mixture at a seleaed temperature in an 
inert atmosphere with a selected oxygen parual pressure for a selected time 
period. The processing temperature and the oscygen partial pressure are 
cooperatively selected to form a dominant amount of an orthorhombic 
BSCCO phase in the reacted mixture. 

By "final BSCCO superconducting material", as that term is used 
herein, it is meant the chemical composition and solid state structure of 
the superconducting material after all processing of the p«cursor is 
completed. It is typically, chough not always, the oxide superconductor 
phase having the highest or J,. 

By "dominant amount" of the orthorhombic BSCCO phase, as that 
term is used herein, it is meant that the orthorhombic phase is the 
dominant phase present m the precursor powder, as seleaed among the 
members of the homologous BSCCO series of oxide superconductor. A 
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"dominant amount" includes more than 50 vol%, preferably more than 80 
vol%j and jnost prefiaiihl/, more than 95 vol% of the membere of the 
homologous BSCCO series as th« orthorhombic pha^e. 

Reference to the "orthorhombic phase" recognizes the existence of 
5 two ciystaUographic structures for BSCCO superconducting materials, the 
tetragonal and the orthorhombic structures. The conversion of the 
tetragonal to the orthorhombic structure corresponds to the formation of 
an oxygen deficient structure. The conversion occurs simultaneously with 
the complete incorporation of a substituent having a variable oxidation 
10 state, i.e., Pb or Sb, into the BSCCO struaure. Since the dopant typically 
exists in an oxide phase, such as for example, CajPbO^, the conversion 
from the tetragonal to the orthorhombic does not occur until all the 
dopant is consumed. Thus the foimation of the orthorhombic phase is 
indicative of the complete reaction of the dopant carrier. The formation 
15 of the orthorhombic phase is indicated by the splittmg of the XRD 200 
and 020 peaks at 23* (^0), 

In a preferred embodiment^ the final superconducting material 
inchides a BSCCO-2223 phase. In another preferred embodiment, the iinal 
superconducting material includes a (Bi,Pb)SCCO-2223 phase. In another 
20 preferred embodiment, 

the dominant orthorhombic phase includes a BSCCO-2212 phase. In yet 
another preferred embodiment, the dominant orthorhombic phase iflcludes 
a doped BSCCO-2212 phase, where the dopant substitutes for bismuth, 
The dopant may be lead (Pb) or antimony (Sb), and is preferably Pb. 
25 a preferred embodiment, the processbg cempeiature and the 

oxygen partial pressure are cooperatively selected to form an alkaline eanh 
cuprate phase, in addition to the dominant orthorhombic BSCCO phase, 
during the heating step. By "alkaline earth cupwte" or AJEQ as that term 
is used herein, it is meant metal oxide phases including an alkaline earth, 
30 such as calcium (Ca) and/or strontium (Sr) and mduding copper. There 
-5- ' 
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be one or more phases piestnt in the precursor powaer. The overaH 
composhion of the AEC may vaiy as the oxidation states of the 
constituent elements varjr and as calcium and strontium substitute for each 
other. Snitable AECs, include, by way of example only, (Sr^CagCuO,, 
(Sr.Cag^CuOj, (Sr,Ca, JCui,0„. The AEC phases may also include 
single metal oxides, such as, by way of example, CuO, CaO and CujO, 
In another preferred embodiment, the processing temperature and 
the oxygen partial pressure are cooperatively selected such that the oxygen 
partial pressure is below a value at which a Ca-Pb-O phase is formed and 
above a value at which said dominant orthorhombic BSCCO phase 
decomposes. In yet another preferred embodiment, the heating step 
includes maintaining the temperature of the mixture in a range of 650 'C 
to 795'C and die oxygen partial pressure in a range of 10'* atm to 0.04 
atm Oj, and preferably maintaining the temperature of the mixture in a 
range of 720X to 790'C and the oxygen partial pressure in a range of ICT* 
to lO"* atm Oj. 

In yet another aspect of the present invention, a (Bi,Pb)-Sr*Ca-Cu-0 
superconducting material is prepared by providing a mixture of raw 
materials of a desired ratio of constituent metallic elements corresponding 
to a final iuperconducting (Bi»Pb)>Sr»Ca-Cu-0 material, and heating the 
mixture at a selected processing temperature in an inert atmosphere with a 
selected oxygen partial preisure for a selected time period, wherein the 
processing temperature and said oxygen panial pressui? are coopenoively 
selected to eliminate, substantially, formation of a Ca-Pb-O phase. 

In a preferred embodimem, the processing temperature and oxygen 
partial pressure are cooperatively selected to form alkaline earth cupraie 
phases, in addition to eliminating, substantially, formation of a Ca-Pb-0 
phase. In another preferred embodiment, the processing temperature and 
the oxygen partial pressure are cooperatively selected such that the oxygen 
partial pressure is below a value at which a Ca-Pb-O phase is fbrmed. In 
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yet another preferred embodiment, the mixture is maintained at a 
temperamre in a range of 650*C to 795 'C and e ojtygen partial pressure in 
a range of 10* atm O, to 0,04 atm O, during the lieating step. In jret 
anotiier preferred embodiment, the mixture is nMuntnined at a tempeiiiture 
5 in a rsmge of 720"C to 790"C and a oxygen partial pressure in a range of 
ICr* atm Oj to W atm Q, during the heating step. 

In yet another aspect of the present invention, an elongated BSCCO 
or (Bi J*b)-Sr-Ca-Cu'0 superconducting article is prepared. A mixture of 
raw materials of a desired ratio of constituent metallic elements 
10 corresponding to a final superconducting BSCCO or (Bj,Pfa)SGCO 2223 
material is provided. The mixture is heated at a first selected pnpcessing 
temperature in an inert atmosphere with a first selected oxygen partial 
pressure for a first selected time period, such that the first processing 
temperature and the first Oxygen partial pressure are cooperatively seleaed 
15 to form a dominant amount of an onhorhombic BSCCO or (Bi^b)SCCO 
2212 phase in the reacted mixtnre. The reacted mimire h introduced into 
a metal sheath, and sealed. The sealed sheath is deformed to form an 
elongated precursor artide of a desired texture. The orthorhombic 
BSCCO or (Bi^b)SCCO 2212 phase is heated after the deforming step at a 
20 second selected processmg temperature in an incn atmosphere with a 
second selected oxygen partial pressure for a second selected time period, 
such that second processing temperature and the second oxygen partial 
pressure are cooperatively seleaed to convert at least a portion of the 
orthorhombic BSCCO or CBi^b)SCCO 2212 phase to the BSCCO or (Bi, 
25 Pb)SCCO 2223 superconducting material 

In a prefeixed embodunent, the first processing temperature and the 
first oxygen partial pressure are cooperatively selected to fbnn a dominant 
amount of an alkaline earth cuprate phase, in addition to the dominant 
orthorhombic CBi,Pb)SCCO 2212 phase. In another ptefciwd 
30 embodiment, the steps deforming and second heating steps ait repeated 
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oiw or more times. In anotkar preferred etnbodunent, the heatmg step 
includes cooperatively seleaing the second processing temperature and the 
second oxygen partial pressure, such that osygen pattiaJ pressure is below a 
value at wliicli a Ca-Pb-O phase is formed and above a value at which the 
dominant orthorhombic (Bi,Pb)SCCO 2212 phase decomposes. In yet 
another preferred embodiment, the heating step includes heating it a 
temperature in the range of 800*G to 845*C and preferably «00'C to 
834*C and at an oxygen pressure in the range of 0.003 to 0.21 atm Oj. 

In yet another preferred embodiment, the second heating step 
includes ramping through a temperature range and an oxygen partial 
pressure range» such that the temperatute and oxygen partial pressure range 
cooperatively jndude a value at which a Ca-Pb-O phase is formed and/or a 
value at which the dominant orthorhombic (Bi,Pb)SCCO 2212 phase 
decomposes. The ramping is at a rate sufQciemly rapid such that the 
formation of the Ca-Pb-O phase and decomposition of the dominant 
orthorhombic (Bi,Pb)SCCO 2212 phase is kiaetically disfavDjed. In a 
preferred embodiment, the ramp rate is greater than 0,1 'C/min and 
preferably is in the range of 0.1 to 100 'C/min. 

The method of the present invention provides a precursor powder 
that substantially is free of undesirably secondary phases and which can be 
processed according to the above method of the invention to obtain a 
Superconducting dzticle having superior electrical ptopetties. 

PMcriptiQi^pf the Drawing 
FIG, J depicts a three dimensional plot of relative Ca^PbO^ 

formation in an orthorhombic (Bi,Pb)SCCO 2212 precursor powder at 

different temperature and FiO^i 

FIG. 2 depicts the x-ray diffraction pCRO) patterns of deformed 

precursor powder composite tapes fabricated by the OPIT method in 
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which the tape was subjected to anneal (a) at 400*C in airj (b) at 600'C in 
tucrogeiii, and (c) at 600*C ia aii; 

FIG. 3 depicts the X-ray diifraction (JCRD) patterns of the deformed 
precursor powder composite tapes fabricated by the OPTT method using 
5 an identical deformation process far composites containing (a) a 

predominant oithorhomblc (Bi,Pb)SCCO 2212 phase, secondary AEC 
phases and no Ca^PbOi phase? and (b) a predominant tetragonal BSCCO 
2212 ph ase, secondaiy AEC phases, and a CajPbO^ phase; 

FIG. 4 depicts the dependence of the critical current on the 
10 thermal reaction temperatune, for monofilament {Bi,Pb)SCCO 2223 
tapes fabricated from (a) precursor powders with a predominant 
orthorhombic (Bi,Pb)SCCO 2212 phase, secondary AEC phasei and no 
CaiPb04 phase and (b) precursor powders with a predominant tetragonal 
BSCCO 2212 phaie, secondary AEG phases, and a CaaPbO^ phase; 
15 FIG. 5 depicts the x-ray diffraction pCRD) pattern of the powder 

prepared according to Example 1, having an orthorhombic BSCCO-2212 
phase and secondary CaO and CuO peaks; 

FIG. 6 depicts the x*ray diffraction pCRD) patterns of the powder 
prepared according to Example 3> including an orthorhombic BSCCO 
20 phase and a secondary Ca2CuOj phase; and 

FIG, 7 depicts the x-ray diffraction (JCED) patterns indicating 
conversion of precursor {Bi»Pb)SCCO 2212 into the final (Bt,Pb)SCCO 
2223 phase in oomposice tapes where the tape was (a) ramped to the 
reaction temperature at a rate of lO'C/min and the tapes of Qi) and (c) 
25 were ramped to the reaction temperature at a rate of l*C/rain. 

Detailed Description of die Inventinn 
The present invenuon provides a precursor powder, useful in the 
preparation of BCSSO supetconducting materials and composites, which 
30 include a dominant amount of an orthorhombic BSCCO phase and, 
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optionaliy, an alkaline earth cuprate (AEQ. The method of tht present 
invention provides m intimate mimure of th^ two phases (onhorhombic 
BSCCO pha^e and AEQ wiich can not be obtained bj' prior art methods 
of jnixbg individual sources of the two materials. 
5 The method of the present invention includes an optimized process 

for preparinif a precursor powder including a dominant amount of an 
orthorhombic BSCCO phase, and an optimised thermal processing method 
chat maintains the selected phase composition of the piwinor powder, 
reduces the formation of undesirable secondary phases during conversion 
I of the powder into the final supereonductmg matctial and enhances the 
formation of substantiaUy stng^le phase, highly textured forms of the fibal 
superconducting material. 

According to the method of the invention, a process for preparing a 
precursor powder is described, in which control of processing conditions, 
such as temperature and oxygen partial pressure, provide a precursor 
powder which contains a dominant amount of an orthorhombic BSCCO 
phase. The orthorhombic BSCCO pha^e typically may include BSCCO 
2212. It may also include a doped BSCCO 2212 such as, by way of 
example only, CBi,Pb)SCCO 2212 or (Bi,Sb)SCCO. The addition of a 
dopant to the BSCCO phase is believed to promote the conversion of the 
tetragonal BSCCO phase to the more desirable orthorhombic BSCCO 
2212 phase under the reaction conditions of the present mvention. 

According to the method of the present invention, undesirable 
secondaiy phases are also mmimized. By 'undesimble secondary phase-, as 
that term is used herein, it is meant phases in the precmor powder which 
do not promote or which hinder the conversion of the precursor powder 
into the final BSCCO superconducting material. "Undesirable" secondary 
phases are contrasted to "desirable" secondary phases, the latter of which 
are necessary for the conversion of the precursor into the final 
superconducting material. Suitable desirable secondary phases i^rh v^^ 

-10- 
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alkaline earth cuprate^ ^nd/or copper oxides wliich reaa with the 
orthorhombic BSCCO phase to fbnn a higher order hauly member of the 
BSCCO homologous series of auperconducting oxides. "Undesirable 
secoxukry phases" may indude mireacced metal oxides, such as alkaline 
5 earth bismuthates or dkaline earth plumbate, or bwer membew of the 
homologous series of which the final BSCCO superconduCTor is a member^ 
for example, BSCCO 2201. In the (Bi»Pb)BSCCO system, the presence of 
a Ca-Pb-O secondaryr phase. i.e„ CajPb04, is undesirable because it can 
produce large unwanted secondary phases which are unproductive in the 
10 formation of the final superconductor phase (^y reaction of the BSCCO 
phase without incoiporation of lead into the product) and thereby induce 
the rate of formation of (Bi,Pb)SCCO 2223. 

According to the method of the invendon, a raw po^vder mixture is 
produced by misdng appropriate amounts of raw powder in a 
15 stoichiometty suitable for production of a desired final phase. Suitable r^iw 
powders include, but are not limited to, oxides, carbonates, oxalates, 
alkoxides or nitrates of Bi. Sr. Ca and On, and optionally Pb or Sb. After 
thoroughly mixing the raw materials, the mixture is subjected to multiple 
heating and grinding steps in order to obtain a uniform mbcture of the 
20 metallic elements, reduce the particle size and eliminate by-products such 
as oxides of nitrogen or carbon. Depending on the starting material and 
the particle size, there are usually one to four initial heating and grinding 
steps. Typically, the raw powders are heated at a temperature in the range 
of 3S0'C to 800'C, in air or oaygen atmosphere, followed grhiding of the 
25 powder to a small panicle size. Alloying of the constituent metallic 

elements of the final oxide superconductor is also contemplated within the 
«cope of the present invention. 

Thereafter, the raw powder mixture is reacted to form the precursor 
powder of the present invention, which mchides a dominant amount of an 
30 orthorhombic BSCCO phase. Processing temperature and oxygen partial 



HJ.S99V990 XVd Zi:9l £3/90 LOHZ 



c ■ C- 

pressure are sdected such that the foimation of an oittoriiombic BSCCO 
phase (amctng the other poaible BSCCO phaies) will domkate. It is, of 
courses, contemplated that secondarjr phases necessary for the conversion of 
the orthofhombic BSCCO phase into the filial supemjniiuctme- nli!t«> 
5 be present in the precursor phase. 

According to the method of the invention, the raw powder may be 
heated to a processing temperature, Tp. in the i^ge of 650*0 to 795 "C in 
a controlled atmosphere of an inert gas and a seleaed oxygen partial 
pressure, P(Oj), between IQ-'atm O^ and 0.04 atm Oj, Suitable inert gases 
include, by way of example only, nitrogen and ar^on. The temperature 
may be increased at a ramp rate between 0,5 "C per minute and 200 "C per 
minute up to the processing temperature, T^. and the mixture may be kept 
at Tp for a period of 0.1 to 60 hours. 

The appropmce vsdues for T^ and P^O^ may be selected by 
monitoring the effea of processing conditions by XRD, The presence of 
the orthorhombic structure is indicated by the splitting of the XBD peak 
at 33 '(2^). In the related tetragonal structure, the XRD 200 and 020 peaks 
at 33 '(2^) appears as a singlet. These differences in the x-ray diffraction 
pattern reflect the real structural differences in the two phases. The two 
phases furrher may be distinguished by comparison of their lattice 
parameters, where there is a decrease in the c-axis in the orthorhombic 
structure as compared to the tetragonal structure. Furthermore, P(Oj) 
and Tp control the relative formation of metal oxides secondary phase, 
including (Sr.Ca^)CuO^ (Sr,Ca,^,CuO^ CuO, CaO, and CuA 

For those systems which include lead (Pb). the O, partial pressure is 
maintained bebw a PfQj) value at vhich the Ca^PbO^ phase Is formed and 
above a PfOj) value at which the (BiJ>b)SCCO 2212 phase decomposes by 
reduction of Gu^* to Cu'*. By operating in a processing regime which is 
bracketed by a lower Ppj) defining the phase stabiUty region of 
(Bi.Pb)SCCO 22ia and a higher P(OJ definmg a region below which 
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CaJPbO^ will not form, phase compoaition of the precursor poWer can be 
controlled And optimizoi. 

The appropriate values of T, and Ppj) may be selected based on 
the digram shown in FIG- 1, so that substantially no CaJPbO^ is formed 
5 in the precursor powder mixture. The diagram displays a dependence of 
the relative amount of the Ca^PbO^ phaae on the values of T^ and P(0^, 
with relative Ca^PbO^ formation denoted by topical lines ranging from 0 
(no CajPbO^ formation) to 1.0 (exclusive CkiPbO^ formation). A higher 
Tp value permits a higher P(0^ value without forming Caj^b04. For 
10 example, only insignificant amounts of GajPbO^ are formed under 

reaction condition of 750 "G and 0.01 aim oxygen (indicated by point tO 
in FIG. 1), whereas at the reaction temperature of 810'C, no significant 
amount of CajPbO^ is formed at ostygen ptessurei as high as 0.05 atm 
(indicated by point 12 m FIG. 1). Also, at very low Tp (<600*C), the 
IS formation of CajPbO^ is thermodynamically disfavored over a wide range 
of POi (0.0001 -0.21 aim). 

The dominant amount of orthorhombic phase advantageously 
includes more than 50 percent by volume (%vol), preferably more than 80 
%vol and most preferably more than 95 %vol of the BSCCO phase in the 
20 orthorhombic phase. Typically, the volume fraction of orthorhombic 
phase will be either greater than 95% (the detection limit of XRD) or it 
will not be present at all because the dopant carrier oxide phase will act as 
an oxygen buffer, thereby keeping the effective ?(0^ low and preventing 
phase conversion from tetragonal to orthorhombic. Once the secondary 
25 phase containing the dopant has been eliminated, substantially complete 
conversion to the orthoriiombic pha^e oocurs. 

The volume fraction of the BSCCO phase having the orthorhombic 
struaure may be determined readily by XRD analysis. The ratio of the 
intensity of the single peak at i3'{2S) to the spht peak at 33'(2fl) will show 
30 the rdative amounts of the two phases. Further, in instances, where lead 
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15 present, the relative amount of the tetragonal phase may be deternuned 
by taking a ratio of the peak at 17,5' (29), cotresp ending to CajPbOo to 
the singUs peak at 33'(2^» cotresponding to the orthorhombic 
(BI,Pb)BSCCO phase. In the case where a dopant other than lead is used, 
5 peats unique to the secondary phase incorporating that dopant may be 
used. 

The mixture of the primary (Bi,Pb)SCCO 2212 phase and the AEC 
phases forttu a precursor powder which may be used for production of 
(Bi^b)SCCO 2223 or 2212 superconducting wires and tapes using the 
10 OPIT njflthod. In the composite precursor fabrication stage of the PIT 
process, a superconducting composite precursor is formed by packing the 
precursor powder into a sheath comprismg a noble metal layer, reducing 
the cross-section of the composite by one or more reduaion passes, 
optionally rebundling, and again reducing the composite cross-seaion. 
15 In accordance with the PIT method, the precursor powder is packed 

into a sUver sheath to form a billet. The billet k extruded to a diameter of 
about 1/3 of the original diameter and then narrowed with multiple die 
passes. A mono-fUamentary tape is fabricated by further extrusion and/or 
drawing of the billet to a wire, and then rolling the wire, for example, to a 
20 0.006' X 0.100" tape. Alternatively, a mulci^filamentaiy tape may be 
fabricated by multiple die passes through hexagoaally shaped dies of 
varying sizes to form a silver sheathed (Bi^Pb)SCCO hexagonal wire. 
Several of the hexagonal wires may bundled together and drawn through a 
round die to form a multi-filamentary round wire. The round wire may 
25 then be rolled, for example, to form a multi-filamentary silver and 
(Bi,Pb)SCCO composite precursor tape of 0.009" x 0.100", 

The composite may be textured using by one or more deformation 
steps. The deformation steps induce texturing of the selected 
orthorhcmbic phase of the precursor powder contained in the composite. 
30 Throughout the drawing and deformation steps, intermediate annealing 
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steps may be performed. The a nneal steps are advamageously carried out 
at tempemtires and under oxygen paitia] pressimes which prevent 
decomposition of the orthorhombic BSCOO pha^e or formation of 
Ca2Pb04 ^See, FIG. 1). 
5 The composite febrication method of the present invention 

envisions several mechanical deformation iterations. The strain applied 
during the deformation improves the grain alignment for each iteration. 
The rolling process may be replaced by pressJne, isostatic pressing, 
drawing, swaging, extrusion or forging. Thermal annealing may be used 
10 after any significant mechanical deformation or reshaping of the 

superconducting composite for improvement of mechanical properties. 
Applicants have discovered that annealing conditions used in the prior an 
typically convert the orthorhombic BSCCO phase into the tetragonal 
phase with the concomitant formation of Ca2Pb04. This occurs under 
15 prior ait treatments, even when the precunsor powder is originally 

substantially free of CaaPbO^ (by virtue of mixing of separate powders). 
Advantageously, the anneal of the present invention may be performed at 
processing conditions (T, P(Oj)) selected to prevent the conversion of the 
orthorhombic 2212 phase to the tetragonal 2212 phase in order to preserve 
20 the advantages of the seleaed phases of the starting precursor powder. 
Kg, 2 illustrates how annealing steps typically involved in the 
deformation process can alter the phase composition of the precursor 
powder. Three precursor composite tapes were prepared from a precursor 
powder containing a predominant orthorhombic (BIJ?b)SCCO 2212 phase 
25 and secondary AEC phases. The three tapes were annealed at different 
temperatures in nitrogen (< 1^* atm or in air (0.21 atm and the 
effect of the anneal conditions on the tape composition was observed. The 
first tape, annealed at 400 'C In air for one hour, showed no discernible 
formation of tetragonal (Bi,Pb)BSCCO 2212, as indicated by the absence of 
30 8 single XRD peak at 33 "(2^ (not shown) and the absence of a CajPhO^ 
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XRD peak at 17.8" (2^) in curve 10 of FIG 2. Arrow 11 indicaws the 
anticipated location of CaaPbO^ peak. The second tape, annealed at 600*C 
in nitrogen for one hour, also showed no discernible formation of 
tetragonal {Bi,Pb)BSCCO 2212 or a^bO,. as evidenced by XRD in curve 
5 12. This is in agreement with the data shown in FIG. L However, the 
third tape, annealed at 600'C in air, formed tetragonal CBi,Pb)BSCCO 2212 
and CajPb04, as evidenced by the presence of a peak at 17.8*{2«) in curve 
14, which is a signature of Ca^^bO^. 

The effect of difierent precursor phases on the deformation 
10 properties of the composite precursor was studied with two mono- 
filametitaiy tapes, fcbricated by the OPIT method using an identical 
deformation process for composites containing two different precursor 
powders. The first tape included a precursor powder with a predominant 
orthorhombic (Bi,Pb)SCCO 2212 phase, secondary AEC phases and no 
15 CajPbO* phase. The second tape included a precursor powdei" with a 

predominant tetragonal BSCCO 2212 phase, secondary AEC phases, and a 
CajPbO^ phase. FIG. 3 depicts the XRD patterns of the deformed 
precursor powder composite tapes. Curve 20 represents the XRD pattern 
for the tape containing tetragonal (Bi,Pb)SCCO 2212 and curve 22 
20 represents the XRD pattern for the tape containing orthorhombic 

CBiJ?b)SCCO 2212. The d^ee of texturing of the sdected primary phase 
(either tetiagonal or orthorhombic (Bi,Pb)SCCO 2212) is indicated by the 
relative intensities of the labeled peaks 24 compared to the intensttifis of 
the remaining peaks of the 2212 phase. The higher the ratio, the larger is 
25 the degree of texture. Although the two tapes were subjeaed to identical 
deformation processing steps, the orthorhombic fBiJPb)SCCO 2212 phase 
undergoes higher texturing. 

The effect of different precursor phases on the properties of the 
composite precursor was studied by measuring the microhardness in the 
30 center of the deformed precursor tape. A tape including a precursor 
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powder with a dominaiit amount of orthorbombic (Bi,Pb)SCCO 2212 
phase, secondary AEC phases aad no CaiPbO^ phase had a microhardness 
value of about 150 KHN. A ts^e including a precursor powder with a 
dominant amount of tetragonal BSCCO 2212 phase, secondary AEC 
5 phases, and a CaiPb04 phase had a microhatdness of about 95 KHN. 
Microhardness refleos the intrinsic hardness of the phase, the porosity of 
the powder, the texturing, and the intei^ranular coupling. Thu5, the tape 
made from the orthorhombic (Bi,Pb)SCGO 2212 phase is expected to 
show more rapid conversion to the final 2223 phase while retaining a 
10 higher degree of tejcture and grain density. 

Besides the thennal annealing processes associated with the 
deformadon processes, any thermal processing of the tape can result in 
changes in the phase content of the precursor powder. Thus it is desirable 
to control the soleaed phase content of the precursor powder in the 
15 composite by cooperatively selecting the oxygen partial pressure and the 
temperature of any heating process such that the oxidation state of the 
constituent elements of the selected primaiy phase are not changed. 
The thermal heating process of the present invention involves 
heating the deformed composite to a reaction temperature, Tf, where the 
20 final superconducting phase, such as BSCCO 2223, is formed. In order to 
heat the composite to the desired without altering the selected phase 
content of the precursor powder, it is necessary to cooperatively maintain 
the temperature, ojcygcn partial pressure and reaction time at reaction 
conditions that will effect conversion of the precurtor to the final 
25 superconducting oxide without efifeccing the decomposition of the 

orthorhombic BSCCO phase. (See FIG. 1.) Accoiding to the method of 
the invention, the precursor powders may be heated at a temperature in 
the range of 800'C to 84S*C, and more preferably 800'C to 834* C, at an 
oxygen pressure m the range of .003 atm to 0.21 atm in order to convert 
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the precursor to ihe final superoonductor phase without adversely affeaing 

phase compoation of the preewsor during the heat treatment. 

Typically, the tape is heated to a temperature in the range of 650 " C 

to 795' C in an inert atmosphere "with a reduced Oj partial pressure 
i between 0.0001 atm and 0.075 atm. The selected rump rate is in the range 

of 0.1 'C per minute to 50' C per minute. The temperature and ojcygen 
partial pressure ranges are selected to prevent subjectiag the composite to 
conditions moving through a regime where the orthorhombic BSCGO 
phase is thermodynsunically unstable (agsun, see FIG. 1). It is also within 
the scope of the invention to ramp the composite through temperature and 
oxygen partial pressure ranges at which the formation of CajPfaO, is 
thennodynamically favored and the orthorhombic BSCCO phase is 
thermodynimically unstable, but at a «mp rate (change in temperature 
and oxygen pressure with time) such that CajPbO^ is kinetically disfavored 
(i,e., the composite Is not subjected to such conditions for enough time to 
form Ca2Pb04). 

Once the temperature is sufiiciendy high, the partial pressure of Oj 
may be continuously or abrupdy increased to a higher value, in the range 
of 0.01 atm O: to 0.21 atm Oj, used for the (Bi, Pb)SCCO 2223 formation. 
This oxygen partial pressure is suitable for the conversion of the precunor 
to the final oxide superoonductoi", yet will not destabilize the 
orthorhombic phase at temperatures above 790' C. The selected 
conversion lemperatvure. Tf, in the range of 790'C to 845 'C may be 
readied at a ramp rate in the range of 0.5'C per minute to lO'C per 
minute. The tape is maintained at T,for about 1 to 60 hount to form the 
desired 2223 phase. Then, the superconducting tape is cooled to room 
temperature. 

The effect of phase composition of the precursor powder on the 
critical current I. of the final superconductor article was studied. Moao- 
filamentaty tapes were fabricated by the OPIT method using an identical 
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defoftiiation process which contained either a precursor powder with i 
predominant orchorhombk (Bi,Pb)SCCO 2212 phase, iecoadary AEC 
phases and no Ca2Pb04 phase, or a precursor powder with a predominant 
tetragonal BSCCO 2212 phase, secoadaiy AEC phases, and a OL^hO^ 
5 phase. The precursor powder composite tapes were thermally converted 
into the final supenjonductor ((Bl^b) SCCO 2112) at process temperatures 
in the range of 810*0 to S30*C in an environment containing a oxygen 
partial pressure of 0.075 atm. Critic^ current of the resultant capes were 
determined and are depiaed as a plot of critical current I, v. processing 
10 temperature in FIG. 4. Curve 30 represents the critical current of tapes 
processed from precursor powders containing the orthorhombic 
^iJ?b)SCCO 2212 phase. Curve 32 represents the critical current of tapes 
processed from precursor powders containing the tetragonal (Bi,Pb)SCCO 
2212 phase. The critical current of tapes represented by curve 30 
15 (orthorhombic (Bi,Pb)SCCO 2212) is superior to that of tapes processed 
from tetragonal (Bi,Pb)SCCO 2212 phase (curve 32) at all temperatures, 
Also noteworthy is that precursor powders containing CaiJ?bO^ 
(curve 32) have a narrower optimal processing temperature range, centered 
about 824 'C at the specified than the precursor powder devoid of 
20 CajPbO^ (curve 30). The orthorhombic phase of (Bi,Pb)SCCO 2212 
represents substantially complete doping of lead into the BSCCO solid 
state structure with the concomitant conversion of the lead-free tetragonal 
phase into the orthorhombic phase. The lead-doped orthorhombic phase 
readily converts to the final superconductor, (Bi,Pb)SCCO 2223 to give a 
25 high quality superconductor over a large temperature range (see FIG, 4, 
curve 30). In comparison, the lead-fi^ tetragonal BSCCO phase does not 
convert readily into {Bi,Pb)SCCO 2223, in particular, because it must first 
dope lead into the BSCCO solid state structure: Doping only occurs 
around the temperature centered at B24'C at the specified P(Oi). 
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Additional tbemiomechaiiicd treatment processes can be employed 
CO more iully convert the composite to the desired final, highly tejoured 
JuperconducEing phase, preferably BSCCO 2223. This additional 
thermomechanical processing may be cafried out by any conventional 
5 method, such as for example those described in Gao, Saudhage, and U.S. 
patent applications OS/041,822 filed April 1, 1993, entitled "Improved 
Processing for Oxide Superconductors," and 08/198,912 filed Febmaiy 17, 
1994, entitled "Improved Processing of Oxide Superconductors", both of 
which are hereby incorporated by reference as if fully set forth heruin. 
10 The following examples further disclose the invention and enable 

praoice thereof: 

fisamplg 1. In the precursor powder formation stage, a 
homogenous mixture of Bi, Pb, Sr, Ca and Cu nitrates with metal ratios of 
1.7;0.3il.9:2.0:3.0 was decomposed to the metal oxides by reaction at 
15 800'C for 7 minutes in air. The metal oxide mixture was then nulled to 
reduce the particle size and homogenize the mixture. The milled oxide 
ponder was then reacted in 100% O, for 6 hours at 785 'C. The reacted 
oxide mixture was again milled to reduce the particle size. Next, the 
milled powder was reacted at T,^ 780'C for 6 hours in an atmosphere 
20 containing 0,001 aim O,. Referring to Kg. 5, an X-ray diffraction pattern 
of the reacted precursor powder shows peaks corresponding to the 
orthorhombic CBi,Pb)SCCO 2212 phase, and several non^perconduaing 
phases consisting of mainly the CuO and CaO phases. CaO peaks are 
indicated by a "+" and CuO peaks are indicated by in the XRD curve 
25 of FIG. 5. The diffraaion pattern has no discernible peaks corresponding 
to Ca^bO^. The orthorhombic structure of the dominant Pb22l2 is 
indicated by the splitting of the peak at 20 - 33 J The precursor 
powder was then used in the OPIT fabrication phase to form a composite 
precursor for a superconducting wire. 
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Example 2, In tbe precurjof powder formation stage, a 
homogeneous miacture of Pb, Bi, Sr, Ca and Cu oxalates with metal ratios 
of 17:0.3:l.9;2.0:3.0 was decomposed to the metal oxides by reaction at 
350'C for 20 minutes in air. The metal oxide mixnu'e ivas then milled to 
5 reduce the particle size and homogeaiize the miitture. The nulled oxide 
powder miature was then rearted in 100% d for 3 hours at 750' C. The 
resulting milled o;ride poWer mixture was reacted at Tp - 770* C for 3 
hours in an Nj atmosphere containing 0.001 atm Oj. X-ray diffraction 
data of the powder showed peaks corresponding to the orthorhombic 
10 (Bi,Pb)SCCO i212 phase, CuO, and alkaline earth cuprate phases. The 
diffraction pattern exhibited no discernible peaks ootresponding to 
CftiPbQ^. The mixture was then used as a precursor powder for 
fabrication of a composite precursor and conversion to a supejxonducting 
article in accordance with the OPU process. 
15 Example 3. In the precursor powder formation stage, a 

homogeneous mixture of Bi, Pb, Sr. Ca and Cu nitrates with metal ratios 
of 1.7K3.3:1.9:2.0:3.0 was decomposed to its metal oxides by reaction at 
800 'C for 7 minutes in air. The metal oxide mixture was then milled to 
reduce the particle size and to homogenize the mixture. The milled oxide 
20 powder was then reacted in 100% Oj for 3 hours at 750'C. The powder 
was then reacted at Tp « 780'C for 6 hours in an atmosphere 
containing < 0.0001 atm O,. Referring to FIG. 6, an X.«y diffraction 
pattern of the reacted precursor powder shows the peaks due to the 
orthorhombic (Bi,Pb)SCCO 2212 phase, Cn^O, Ca^Sr)iCu05 and possibly 
25 other phases. The diffcaction pattern exhibits no disceraible peaks 

corresponding to Ca^PbO^. The mixture was then used as a precursor 
powtier for fabrication of a composite precursor and conversion to a 
superconduaing article in accordance with the OPIT process. 
Exainpk,.4^ In the precursor powder formation phase, a 
30 homogenous mixture of Bi, Pb, Sr, Ca and Cu oxides with metal ratios of 
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1.7:0J>:1.9:2.0;3.0 ws«s reacted at 800 'C for 6 hours k 100% 
atmosptere. The metal oxide mixture Tfas then milled to reduce the 
particle size and to homogenize the mimire. The resulting powder wa^ 
reacted at - 75Q'C for 2 hours in an Nj atmosphere contaimng 0.1% 
5 Oj. The X-Tij diffraction pattern of the reacted precursor powder shovs 
the peaks due to the onhorhombic (Bi, Pb)SCCO 2212 phase, and the 
alkaline earth cuprate phases including a Ca(;Sr)M3,CuO,^,, pha«. The 
diffraction pattern exhibits no discernible peaks due to CajPbO^. The 
^wure was then used a$ a precursor powder for a powder-in-tube (PIT) 
10 process. 

^™Pfe^ ' A homogeneous precursor alloy powder contaming Pb, 
Bi» Sr, Ca, and Ag was prepared by mechanical alloying with the 
appropriate stoichiometry to form Bi.2223. The powder was packed into a 
sUver tube along with sufficient copper metal poWer or wires to fonti the 
15 Bi-2223 superconductor. The composite was then worked by multiple 
extrusion steps mto a multifllamentary silver precursor metal composite 
tape that was typically .03" x .15" in cros^section, and that contained 
between 200 and 100,000 filaments. The reactive elements comprising each 
filament was then oxidized to form unitary and binary oxide phase such as 
20 CaO. CuO, Bi,0, PbO and SrO by diffusing oxygen through the sUver 
matrix ac conditions (typically at temperature of 400"q that inhibit 
reaction element diffusion through the silver. After oxidation, the internal 
oxygen activity of the composite was then reduced to - 0.001 atm 
equiTalent by bakmg the tape samples for 40 hours at 400'C In flowing 
25 0.001 atm balance nitrogen (to 1 atm total pressure) gas. The desired 
orthorhombic Bi-22I2 precursor phase to Bi-2223 was then formed by 
baking the samples at 780'C for 1 hour in 0.001 atm oxygen^balance argon 
(to 1 aim total) foKowed by rolling deformation. The bake and 
deformation was repeated up to 6 times. The sample was then used as a 
30 precursor composite for the powder-jn-tube process. 
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E^tampk 6i A precuffsor powder y/as prepared as described in 
Example 1 through 4 and packed into silver skeaths with an inner diameter 
of 0.625* (1.5875 cm), a lengdi of 5.5" (13.97 cm) and a wdl thickness of 
0.150" (0J8 cm) to form a billet. The billet i$ exiruded to a diameter of 
5 about 0^" (0.63 cn^ and then narrowed with multiple die passes. A 
mono-filamentary tape is fabricated by farther extrusion and/or drawing 
the billet to a 0.072" wire, and then rolling the wire to a 0.006" x 0,100" 
tape. A multi-filamentarjr tape is fabricated by multiple die parses through 
hexagonalJy shaped dies of varying sizes finishing with a 0.070" (0.178 cm) 

10 hexagonally shaped die to form a silver-(Bi, Pb)SCCO hexagonal wire. 
Several of the hexagonal wires are bundled together and dmwn through a 
0.070" (0.178 cm) roxmd die to form a multi-filamentary round wire. The 
round wire is rolled to form a multi-filamentary silve^(Bi,Pb)SCCO tape 
of 0.009" X 0,100" (0.G23 cm x 0^4 cm). The tape is subjected to iterative 

15 processes of alternating heating/annealing and mechanical deformation, as 
described above. 

The composite tape was heated from ambient temperature to 827 'C 
at a rate of 10"C/min in an atmosphere containing 0.075 atm oxygen and 
held at that temperature for 10 hours. The tape was then cooled to 

20 ambient temperature, An identical tape was heated to 400" C at a rate of 
5'C/join and to S27"C at a rate of rC/min in an atmosphere containing 
0.075 atm O^and held at that temperature for 10 hours. Finally a 
composite tape containing a tetragonal 2212 precursor phase and CajPbO^ 
was fabricated and heated to 400*C at a rate of 5'C/min and to 827*C at a 

25 rate of TC/min in an atmosphere contammg 0.075 atm Oj and held at that 
temperature for 10 hours. 

Referring to HG. 7(!0, the x>ray di£&actioA spectrum of the tape 
containing the orthorhombic 2212 as the dominant precursor phase and 
heated at the lO'C/min shows a conversion of -80% of the dominant 

30 Ph22l2 phase of the initial precursor powder to the final Pb2223 phase. 
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la contrast of FIG. 7(b), the x-ray diffractioa spectrum of the tape 
containing the onhortorabic 2212 as the dominant precursor phase and 
heated ai rc/min shows a conversion of -6% of the dominant Pb2212 
phase of the initial precursor powder to the final Pb2223 phase. The 
5 lower conversion rate was the result of the formation of Ca^PbO, and the 
decomposition of the donunant orthorhombic 2212 during the 5I0W 
temperature ramp in the temperature and oxygen partial range defined by 
Figure 1. 

In PIG, 7(c), the x-ray diffraction spectrum of the tape containing 
10 the tetragonal 2212 and CajPbO, in the precursor phase and heated at 
rc/min shows a oonversion of -20% of the 2212 phase of the initial 
precursor powder to the final Pb2223 phase. 

The lower conversion rates in HGs. 7(c) aad 7(b) are the result of 
the need to form (in 7(c)) or reform (m 7(b)) the otthorhombic Pb2212 
15 phase at the reaction temperature before convewion of Pb2212 to Pb2223 
can occur, 

Ex3S3ple_L The composite tape was prepared as described in 
Example VX using a precursor powder prepared as described in Examples 1 
- 4. The composite tape was heated from ambient temperature to a 790'C 
20 at a rate of 1 'G/min in an atmosphere containing 0.001 atm Oj, then at a 
rate of l"C/min to 815 "C in an atmosphere containing 0.07S atm O^and 
held at that temperatur* for 24 hours. The tape is then cooled to ambient 
temperature. The temperatures and oxygen partial pressures are selected to 
insure that Ca^PbO^ did not form in the powder during the heating step to 
25 the reaction temperature. The x-ray diffraction of the composite tape 

showed conversion of >S0% of the original dominant orthorhombic 2212 
phase to the £nsl 2223 phase. 

^xffliple 8. In the precursor powder formation stage, a 
homogenous mixture of Bi, Sb, Sr, Ca and Cu nitrates with metal ratios of 
30 1.7:0.3:1.9:2.0:3.0 was decomposed to the metal oxides by reaction at 
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SOO'C for 7 minutes in air. The milled oxide powder was xhea reacted in 
100% Ojfor 6 hours at 785'C. The reacted oxide nuxture was again znilled 
to reduce the particle size. Next, the milled powder was reacted at 
Tj,-i780*C jCor 6 hourj in an N, atmosphere containing 0.001 atm O2. The 
5 resulting precursor mixture contains only the dominant orthorhombic 
2212 phase and several non superconducting phases consisting 
predominantly of alkaline earth cuprates. The orthorhomhic structure of 
the dominant Pb2212 is indicated by the splitting of the peak at 20 >= 
33.3*. The precursor powder was then used in the OPIT fabrication 
10 process to form a composite precursor for a superconducting wire. 

Other embodiments of the invention will be apparent to those 
skilled in the art £rom a consideration of this specification or practice of 
the invention disclosed herein. It is intended that the specification and 
15 examples be considered as exemplaiy only, with the true scope and spirit 
of the invention being indicated by hte following claims. 
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1. A method for the produaicm and processing of BSCCO 
supercondacting material comprising the srepa of: 

providing a mirture comprising raw materisds of a desired r^tio of 
constiiuent merallic demen« corresponding to a final supe«»ndiicting 
5 BSCCO material,- and 

heating said mixture at a seleaed temperature in an inert 
atmosphere with a selected oxygen partial pressure for a selected time - 
period, 

^^herein said processing temperature and said OKygen partial pressure 
are cooperatively selected to fomi a dominant amount of an orthorhomhic 
BSCCO phase m the reacted nuxtuie. 

2. The method of daim 1 wherein said final sup«™nduaing 
material comprises a BSCGC>-2223 phase* 

3. The method of claim 1 whei^n said lidal superconducting 
material comprises a (BiJ>b)SCC0.2223 phase. 

4. The method of claim 1, wherein the dominant onhorhombic 
phase comprises a BSCCO-2212 phase, 

5. I^e^iiethod of daim 1, wherein the dominant orthorhomhic 
phase comprises a doped BSCC0.2212 phase, said dopant sub«ituting for 
bismuth. 



6. '"^^'ne^o^J of claim 5, wherein the dopant is selected from 
the group consisting of lead (Pb) and antimony (Sb). 

7. The method of claim 1. wherein the dominant orthorhomhic 
phase comprises a (BiJ'b)SCCO-2212 phase. 
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8. The inethod of ddm 1, 2 or 3, whei-on, during said heating seep 
said processii^ temperature and said oaygen partial pressure are 
cooperatiiTjly selected to fortn an alkaline earth cuprate phase, in addition 
to said dominant orthbrhombic BSCCO phase. 

5 

9. The method of claim 3 or 7, wherein, dtuing said heating 
step, said processing teniperature and said oxygen partJiJ pressure are 
cooperatively selected such that oxygen partial pressure ii below a 
value at which a Ca-Pb-O phase is formed and above a value at which said 

10 dominant orthorhomhic phase decomposes. 

10- The method of claim 1, 2 or 3, wherein said heating step 
comprises the 5tep of maintaining the temperature of said mixture in a 
range of 650*C to 795*C and said oacygen partial pressure in a range of 10* 
15 atm Oj to 0.04 atm O^, 

11. The method of daim 1, 2 or 3, wherein said heating step 
comprises the step of maintaining the temperature of said mixture in a 
range of 720 'C to 79fO"C and the oDcygen partial pressure in a range of 10^ 

20 to 10'^ atm Oj. 

12. The method of claim 1 or 3, further comprising the step of; 
grinding the reacted miatturej and 

subjecting the ground reacted mixiun; to said heating step. 

25 

13. The method of ckim 1 or 3, wherein said raw materials are 
sdectod from the group consisting of one or more oxides, oxalates, 
alfcoxides, nitrates and carbonates the constituent metallic dements of the 
&ial superconducting material, 

iO 

-27- 



f<;m^i=nn-i «■ ( ^\ 6/:7i/r.i[>^M-rm.-!SfJ.i 



t J CQQuQun vw-J M:qi FZJun Jnnz 



c c 

W096/146SS PCT/US9S/13935 

14, The nwthod of claim 1 or 3, wherdn said raw materials 
comprise an alloy of the conaituent metallfc elements of tke fmal 
superconducring material. 

5 15. A precursor to a (Bi,Pb)'Sr€a-Cu-0 superconducting material 

made by the method of claim 10, used ftw ifabrioation of an elongated 
superconductiflg article. 

16. The method of claim 1, 2 or 3, wherein the raw material 
10 further comprises a noble metal. 

17. The method of claim 1, 2 or 3, wherein the dominant 
amount of the orthorhombic BSCCO phase is greater than 50 %vol. 

18. The method of claim 1, 2 or 3, wherein the dominant 
amount of the orthorhombic BSCCO phase is greater than 80 %vol. 

19. The method of daim 1, 2 or 3, wherein the dommani 
amount of the orthorhombic BSCCO phase is greater than 95 %vol. 

20 

20. A precursor to a (Bi^b>Sr-Ca-Cu-0 superconducting 
material, comprising: 

a dottunamt amount of a primary orthorhombic (Bi,Pb)SGCO 2212 
phase; and 

25 a dominant amoimt of an alkalme earth cuprate, wherein said 

precursor contains no substantial amount of a Ca-Pb-O phase. 

21. A method of the production and processing of (Bi,Pb)-Sr-Ca- 
Cu-O superconducting material comprising the steps of: 
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proYidii^ a mixture of rm materials of a desired ratio of 
constituent metallic elements corresponding to n final superconducting 
{Bi^b)-Sr<:a-Cu*0 materia^ and 

heating said nuxnire at a selected processing temperature in an inert 
5 atmosphere -with a selected oacygen partial pressure for a selected time 
period, 

wherein said processing temperature and said oxygen partial pressure 
are cooperatively selected to eliminate, substantially, formation of a Ca-Pb- 
O phase during said heating step. 

10 

22. The method of claim 21, wherein^ during said heating stqp, 
said processing temperature and said oxygen partial pressure arc 
cooperatively selected to form an alkaline earth cuprate phase, in addition 
to eliminating, substantially, formation of a Ca-Pb-0 phase. 

15 

23. The method of claim 21, wherein, during said heating step, 
said processing temperature and said oxygen partial pressure are 
cooperatively seleaed such that the oi^gen partial pressure is below a 
value at which a Ca<J*b-0 phase is formed. 

20 

24. The method of claim 21, wherein said heating step comprises 
the step of maintaining the temperature of said mixture in a range of 
650' C to 795 'C and said oiygen partial pressure in a range of IC^ atm Oj 
to 0.04 atm Oj. 

25 

25. The method of daim 21, wherdn said heating step comprises 
the step of maintaining the temperature of said mixture in a range of 
720*C to 790 *C and the oxygen partial pressure in a range of 10^ to 10^ 
atm Oa. 

30 
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26. The method of daim 21, foxther comprising the step of: 

Srio^j^ the reacted mixture; and 

subjecting the ground reacted iniiture lo said heating step, 

5 27. The method of claim 21, wherein said raw materials are 

selected from the group consisting of one or more oxides, oxalates, 
alkoxides, nitrates and carbonates die constituent metallic elements' of the 
final sup«:conduciing material. 

10 28. The method of daim 21, whenrin said raw materials comprise 

an alloy of the constituent metalhc elements of the fmal superconducting 
material 

29. A precursor (BiJ'bJ-Sr-Ca-Cu.O superconducting material 
15 made by the method of daim 21, used for fabrication of an elongated 

superconducting artide, 

30. A method of fabrication of an elongated (Bi.Pb)-Sr.Ca-Cu-0 
superconducting artide comprising the steps of; 

20 providing a mixture of raw materials of a desired ratio of 

consdtu.m metallic demem. corresponding to a final Superconducting 
(Bi,Pb)SCCO 2223 material; 

beating said mixture at a first selected processing temperature m an 
mert atmosphere with a fjr« sdected oxygen partial pressure for a first 
a selected time period, said first prtx:essing temperatui^ and said first oxygen 
partial pressurtr being cooperatively sdected to form a dominant amount of 
an oithorhombic CBiJ'b)SCCO 2212 phase in the reacted mixture,- 

introdudng said reacted mbrture into a metal sheath, and sealing said 
reacted mixture within said sheath; 
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delonnuig said sealed sheath to fotm an «locpted precursor article 
of a desired texture; smd 

heatmg ssud orthorhombic (BiJ?b)SCCd 2212 phase after the 
deforming step at a second selected processing temperature in an inert 
5 atmosphere with a second selected oxy^eti panial pressure for a second 
selected time period, said second processing temperature and said second 
ojcygen partial pressure being cooperatively selected to convert at least a 
portion of said orthorhombic (Bi,Pb)SCCO 2212 phase to said (Bi, 
Pb)SCCO 2223 superconducting material. 

10 

31. A method of fabrication of an elongated BSCCO 
superconducting article comprisii^ the steps of: 

providing a mixture of raw materials of a desired ratio of 
constituent metallic elements corresponding to a final superconducting 
15 BSCCO material; 

healing said mature at a first selected processing temperature in an 
inert atmosphere -with a first selected oxygen partial pressure for a first 
seleaed time period, said first processing temperature and said first oxygen 
partial pressure being cooperativdy seleaed to form a dominant amount of 
20 an orthorhombic BSCCO phase in the reacted mixture] 

introducing said reacted mixture into a metal sheath, and sealing said 
reaaed mixture ivithin said sheath; 

deforming said sealed sheath to form an elongated precursor artide 
of a desired texture; and 
25 hearing said orthorhombic BSCCO phase at a second seleaed 

processing temperature in an inert atmosphere with a second selected 
oxygen partial pressure for a second selected time period, said second 
processing temperature and said second oxygen partial pressure being 
cooperarively selected to convert at least a portion of said orthorhombic 
30 BSCCO phase to said final superconducting BSCCO material. 
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32. The method of claim 30 wherein, during said first heating step, 
said first processing temperature and said first oxygen partial pressure are 
cooperatively sdecced to form a dominant amount of an alkaline earth 
cuprate phase, in addition to said dominant onhorhombic (Bi,Pb)SCCO 

5 2212 phaae. 



33. The method of claim 30 or Jl, wherein said deforming step 
comprises roUing, pressing, isostatic pressing, drawing, swaging, exti^on 
or forging. 

34. The method of claim 30 or 31, further comprising: 

the steps of sequentiaUy repeating said deforming and second heating 

steps. 

15 35. The method of daim 30, wherein said heating step comprises- 

cooperaxivflly selecting said second processing temperature and said 
second oxygen partial pressure, such that oxygen partial pressure is below a 
value at which a Ca-Pb-O phase is formed and above a value at which said 
dominant orthorhombic (Bi,Pb)SCCX3 2212 phase decomposesL 

20 

36, The method of daim 30 or 31, wherein said second heating 
step comprises: 

heating at a temperature In the range of S00*C to 845X and at an 
oxygen pressure in the range of 0.003 to 0.21 atm Oj. 

25 

37. The method of claim 30 or 31, wherein said second heating 
step comprises: 

heating at a first temperature in the range of 6S0*C to 795 "C and at 
a first oxygen pressure in the range of 0.0001 to 0,075 atm O,; and 
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heating ac a second tempetature in the range of 800 'C to S45 'C and 
at a second oxygen pressure in the range of 0.003 to 0,21 aim Oj. 

38. The merhod of claim 30, wherein said second hearing step 
5 comprises; 

ramping through a temperature range and an oxygen partial pressure 
range, said temperature and oxygen partial pressure range cooperatively 
including a value at which a Ca-Pb-O phase is formed and/or a vjJue at 
which said dojuinant orthorhombic (Bi»Pb)SCCO 2212 phase decomposes, 
10 said ramping at a rare sufficiently rapid such that the fonnation of the Ca- 
Pb-O phase and decomposition of the dominant orthorhombic 
(Bi.Pb)SCCO 2212 phase is kinetically disfavored. 

39. The method of claim 38, wherein said ramp rate is greater 
15 than 0.1 'C/min. 

40. The method of daim 38, wherein said ramp me is in the 
range of 0.1 to 100 'C/min. 
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